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[57] ABSTRACT 
A method of and an apparatus for air-pressure forming 
of a sheet of thermoplastic resin wherein a sheet of 
thermoplastic resin is formed to a desired shape under a 
substantially constant controlled air pressure. The appa 
ratus includes a compressed air generating device com 
prising an air cylinder having a ?rst piston slidable 
therewithin, a hydraulic cylinder having, a second pis 
ton slidable therewithin and connected mechanically to 
the ?rst piston, whereby compressed air pressure pro 
duced by the ?rst piston balances with hydraulic pres 
sure so as to be maintained at a substantially constant 
level during the whole forming operation. 

7 Claims, 2 Drawing Figures 
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APPARATUS FOR AIR-PRESSURE FORMING 
' THERMOPLASTIC RESIN SHEETS 

BACKGROUND OF THE INVENTION 

The present invention relates in general to air-pres 
sure forming of sheets of thermoplastic resin and partic 
ularly to a method of and an apparatus for carrying out 
air-pressure forming under an air pressure controlled at 
a substantially constant level. 
There are known a variety of methods of producing 

from a sheet of thermoplastic resin material products of 
various shapes such as containers for ices and bever 
ages, containers for food products, etc., such as vacuum 
forming, air-pressure forming, combination process 
thereof, mechanical molding, etc. However, these 
known methods and the apparatuses therefor are inher 
ently accompanied by such technical and economical 
problems as follows. 

1. Considerably costly equipment such as a vacuum 
pump, its accessory devices, a compression pump, 
its accessory devices, and the like are required. 

2. These vacuum pumps and compression pumps are 
liable to produce considerably noises that cause a 
serious impairment of the work environment. 

3. Such electrically-operated devices as solenoid 
valve, relays, timers, and many others, are essen 
tially required and are likely to cause trouble par 
ticularly when a molding operation cycle is cut 
short. 

4. Pipings from such vacuum and compression pumps 
to the forming station become longer, thus result 
ing in substantial power losses. 

5. When compressed air required in performing a 
forming operation flows through the piping, time 
losses are incurred. Consequently, it becomes diffi 
cult to continuously perform forming operations at 
a high production rate and with a large quantity of 
products. 

In this respect, an air-pressure forming apparatus as a 
countermeasure to such problems has been proposed 
and disclosed in Japanese Patent Publication No. 
14492/ 1963. This apparatus comprises a cylinder hav 
ing a piston therein arranged slidably toward and away 
from a master disc set on the base of the apparatus, 
thereby applying a pressure upon the back side of a 
sheet of material to be formed with lowering or com 
pressing motion of the piston in the cylinder, thus form 
ing a disc surface under pressure. However, when this 
apparatus is used in forming operations, it is impossible 
to apply a pressure to the material sufficient to effect a 
proper forming during the initial stage of compression 
by the piston due to a relatively slow initial pressure 
rise, whereby the pressure rising within the cylinder 
becomes highest when the piston comes down to its 
lowest position or end of compression stroke. Conse 
quently, there‘is the possibility of the formed products 
turning out to be of inferior quality. 

In order to overcome this problem, a pressure form 
ing method has been proposed and disclosed in the 
Japanese Patent Laid-Open No. 44074/1974, in which 
the following problems cannot be avoided. 

1. Variation in forming pressure occurs with changes 
of the volume of the material to be formed. 

2. A forming pressure variation occurs between the 
initial forming stage and the middle and end stages 
where the formed products are subjected to cool 
ing under pressure. 
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3. Pulsation in forming pressure occurs as a result of 

the reciprocating motion of the piston for compres 
sion action. 

4. Leakage of compressed air occurs when there is a 
difference in the thickness of a material to be 
formed, therefore requiring make-up of com 
pressed air. 

In this respect, it would be advantageous if an im 
proved method and apparatus were to be provided to 
overcome the above described problems. This invention 
is essentially intended to provide a useful method of 
forming a sheet of thermoplastic resin and an apparatus 
therefor, whereby a hot forming method and an appara 
tus therefor are attained which can overcome all of the 
problems stated above. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of this invention to 
provide an improved method of air-pressure forming 
wherein a thermoplastic resin in the form of a continu 
ous web or sheet is formed to a desired shape under air 
pressure which is produced and maintained at a substan 
tially constant controlled level by using a single or a 
plurality of pneumatic cylinders for making-up the 
quantity of air lost during the forming operation. 
According to this invention in a preferred embodi 

ment thereof, brie?y summarized, there is provided an 
improved method of air-pressure forming including the 
steps of disposing mold means having a plurality of air 
purging holes and complementary means having a plu 
rality of compressed air blowing holes in an opposing 
relationship in such a manner that relative positions of 
the mold means and the complementary means can be 
relatively changed toward and away from each other, 
positioning a sheet of preheated thermoplastic resin 
between the mold means and the complementary 
means, thereafter causing the mold means and comple 
mentary means to be in a clamping position with the 
sheet of resin being sandwiched therebetween, and sup 
plying the sheet with compressed air from the blowing 
holes of the complementary means, the improvement 
which comprises the steps of generating a substantially 
constant air pressure by a single or a plurality of air 
compressing means comprising a pneumatic cylinder 
having a ?rst piston movable slidably therein, a hydrau 
lic cylinder having a second piston movable slidably 
therein and mechanically connected to the ?rst piston, 
forming the sheet of resin to a desired shape while sup 
plying the second piston with a substantially constant 
hydraulic pressure, thereby maintaining an air pressure 
to be supplied to the sheet of resin at a level to substan 
tially balance with the hydraulic pressure, thereafter 

_ releasing both mold means and complementary means 
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away from the sheet so as to obtain a formed product. 
According to the invention, brie?y summarized, 

there is also provided an improved apparatus compris 
ing a set of mold means having a plurality of air purging 
holes and complementary means having a plurality of 
compressed air blowing holes, and an air compressing 
means, the set of mold means and complementary 
means being disposed opposingly in such a manner that 
at least one of the means may be moved toward and 
away from the other thereof, the improvement wherein 
the air compressing means comprises compressed air 
generating cylinder means, ?rst piston means movable 
slidably within the compressed air generating cylinder 
means, hydraulic cylinder means, and second piston 
means movable slidably in the hydraulic cylinder 
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means, the ?rst piston means being mechanically‘ con 
nected to the second piston means. 
The nature, principle, and details of the present in 

vention, as well as further objects and advantageous 
features thereof, will become more apparent from the 
following detailed description with respect to a pre 
ferred embodiment of the invention, when read in con 
junction with the accompanying drawings, in which 
like parts are designated by like reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS ‘ 

In the drawings: 
FIG. 1 is a schematic elevation, in vertical section, 

showing an example of an apparatus for practicing the 
air~pressure forming method according to the present 
invention; and 
FIG. 2 is a schematic diagram showing an example of 

hydraulic and pneumatic circuits used in combination 
with the apparatus shown in FIG. 1. 

DETAILED DESCRIPTION 

The construction and operation of an air-pressure 
forming apparatus according to this invention will now 
be described in detail with respect to a preferred em 
bodiment thereof in conjunction with the accompany 
ing drawings. It should be understood, however, that 
the embodiment of the invention appearing herein are 
presented for illustrative purpose only and not in any 
way for limitations‘ of the scope and spirit of the inven 
tion. 
The apparatus illustrated in vertical section in FIG. 1 

is an example of suitable means for practicing the 
method according to the present invention. 

Referring to FIG. 1, there is shown a thermoplastic 
resin 1 in the form of a continuous web or sheet to be 
formed under air pressure, which sheet is preheated by 
using heating means (not shown) and is fed by a sheet 
feeding device (not shown) through a predetermined 
distance of travel so that it will be positioned in the 
pressure-forming station of the apparatus. For the heat- _ 
ing means, any one or combination of such known heat 
ing processes as hot blast heating, infrared ray heating, 
and roll heating can be used. For the sheet feeding 
means, a normal intermittent feeding system such as a 
geneva movement, a rack mechanism, and a one 
cyclone motor can be used. ‘ 

In the overhead part of the apparatus shown in FIG. 
1, above the resin sheet 1, there are provided a mold 2 
of any desired shape, a mold frame 3 for holding the 
mold 2 in position, a'mold support 4, air exhaust holes 5 
provided in each cavity of the mold 2, an exhaust outlet 
6 for discharging air from the exhaust holes to the atmo 
sphere, a clamping plate 8, and a clamping rod 9. The 
clamping rod 9 is adapted to be moved vertically by a 
hydraulic cylinder or a toggle mechanism (not shown). 
In the part of the apparatus below the resin sheet 1 and 
vertically aligned with the overhead part, there are 
provided a complementary plate or air blowing plate 7 
having a plurality of exhaust holes 10, a hot plate 11, a 
hot plate heater 12, an insulator 13, a hot plate support 
14, and a ?xing base 15. 

In addition, there are provided a compressed air gen 
erating cylinder 16, referred to hereinafter as air cylin 
der, and a hydraulic actuating cylinder 20 referred to 
hereinafter as oil cylinder, which cylinders are disposed 
opposingly in coaxial relationship across apartition wall 
34 comprising end plates 34a and 34b. A piston 17 mov 
able slidably in the air cylinder 16 is provided so as to 
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4 
generate an air pressure within the air cylinder 16, the 
piston 17 being connected to a piston 21 movable slid 
ably within the oil cylinder 20 by a rigid piston rod 25 
extending through the partition wall 34. The term 
“compressed air generating device” is used herein to 
mean the combination comprising the air cylinder 16, 
the piston 17, the oil cylinder 20, the piston 21 and the 
piston rod 25. 

Inside the compressed air generating device stated 
above, there are de?ned a compression chamber A and 
an air intake chamber B on opposite sides of the piston 
17, and oil chambers C and D on opposite sides of the 
piston 21. The piston 17 is provided with a plurality of 
piston rings 19 and a plurality of non-return or check 
valves 18 preventing ?ow of air from the chamber A to 
the chamber B. The chamber B communicates with the 
atmosphere through a space between the end plates 34, 
and 34b and an air inlet 35. The non-return valves 18 
may be an ordinary check valve such as a ?ap valve, 
which opens when the piston 17 moves toward the 
partition wall 34 and closes when the piston 17 moves 
away from the partition wall. The piston 21 has piston 
rings 22. 
A bracket 23 supports the outer end of the oil cylin 

der 20, and a bracket 24 supports the outer .end of the air 
cylinder 16 and forms the outer end head wall thereof. 
A port in this outer end head wall of the air cylinder 16 
is connected by way of an air pipe line 30, a valve 26 for 
starting the forming operation, an exhaust valve 27 
provided with a silencer 28, and an air pipe line 31 
provided with a forming pressure gage 29 to a manifold 
chamber at the lower part of the aforementioned air 
blowing plate 7. The apparatus is mounted on a founda 
tion 32. The above mentioned oil chambers D and C are 
respectively supplied with hydraulic (oil) pressure 
through hydraulic pipe lines 33a and 33b connected to a 
known hydraulic pressure generating device as shown 
in FIG. 2 comprising a hydraulic pump, a release valve, 
switching valves, etc., as described hereinafter. 

In an apparatus for practicing the method according 
to this invention, there are disposed opposingly the 
mold 2 and the air blowing plate 7 in such a manner that 
one of these elements can be moved toward (for mold 
clamping) and away from (for mold releasing) the 
other. For this purpose, in one example of arrangement, 
there are provided a plurality of guide posts disposed 
upright between the mold frame 3 and the ?xing base 
15. A plurality of exhaust holes 5 are provided in each 
cavity. of the mold 2 for discharging air remaining 
within the cavities of the mold 2 during the forming 
operation. These exhaust holes 5 are collectively con 
nected to the exhaust outlet 6, which may be connected 
to a vacuum pump (not shown) operating interrelatedly 
with the forming stroke so as to exhaust air out of the 
mold cavities, and the exhaust outlet 6 may also be 
connected to a compressed air supply (not shown) for 
mold releasing. For this purpose, the compressed air 
supply may be the compressed air discharged from the 
exhaust valve 27. 
A large number of exhaust holes 10 are provided in 

the air blowing plate 7, which is connected through the 
air pipelines 30 and 31 to the above mentioned com 
pressed air generating device including the air cylinder 
16 and the piston 17. In FIG. 1, although the com 
pressed air generating device is shown disposed under 
the ?xing base 15, by way of an example, this com 
pressed air generating device'may, of course, be dis 
posed in other positions. Likewise, it is of course possi 
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ble to alternatively replace the hydraulic (oil) actuating 
system including the oil cylinder as stated above with 
water pressure actuating system, and further, it is possi 
ble to provide a plurality of compressed air generating 
devices each comprising a set of an oil cylinder and air 
cylinder when it is required to supply a further larger 
quantity of compressed air, e.g., when the mold volume 
is quite large. 
Although an arrangement in which the air cylinder 

16 and the oil cylinder 20 are disposed in coaxial rela 
tionship, and the two cylinders are associated with the 
pistons 17 and 21, respectively, interconnected by the 
rigid piston rod 25 through the partition wall 34 there 
between is shown in FIG. 1, it is not necessary that the 
air cylinder and the oil cylinder be coaxially arranged. 
Instead, the two cylinders may be arranged either in 
parallel or at right angles to each other in such a manner 
that they are mechanically coupled by means of any 
suitable mechanism such as levers and links in combina 
tion or the like so that oil pressure is operatively con 
verted into air pressure. Furthermore, a returning mo 
tion of the oil piston 21 may be attained by using a 
suitable resilient means such as a compression spring. 
The apparatus as described above by way of an exam 

ple performs its forming operation on a sheet of thermo 
plastic resin in the following sequence. 

In the initial step, the preheated sheet of thermoplas 
tic resin 1 is fed into the forming station. When the feed 
of the sheet 1 is completed, a solenoid valve 46 (FIG. 2) 
is actuated to open to pass the working oil under pres 
sure into the oil cylinder 20 through the oil pipe line 330 
so that the piston 22 is urged toward the air cylinder 16. 
The piston 17 is caused to move slidingly within the 

air cylinder 16 in the leftward direction as viewed in 
FIG. 1 so as to increase the air pressure within the air 
cylinder 16. The thrust of the piston 21, that is, the oil 
pressure passing through the oil piping 33a can be 
readily generated by means of a hydraulic pump 36 
(FIG. 2) and a release valve 40 (FIG. 2), and the pistons 
17 and 21 stop their correlated sliding motion at the 
point where the air pressure formed within the air cylin 
der 16 by the piston 17 and the oil pressure provided 
through the pipe line 33a against the piston 21 become 
balanced. At this moment, these pressures are not neces 
sarily and absolutely the same. In this respect, it is to be 
understood that the term “balance” used herein means 
that the product of the compressed air pressure and the 
head surface area of the air piston coincides substan 
tially with that of the given oil pressure and the head 
surface area of the oil piston, which relationship is at 
tained by virtue of the cylinder arrangement according 
to the present invention as described above. 

Subsequently, the clamping rod 9 causes the clamp 
ing plate 8 to be lowered toward a clamping position 
where the sheet 1 is clamped between the frame 3 and 
the air blowing plate 7. Upon completion of the clamp 
ing of the sheet 1, the valve for starting forming opera 
tion 26 is opened, and compressed air is introduced 
through the pipe line 30, the valve 27, the pipe line 31 
and the air blowing holes 10 into the lower side of the 
sheet 1, whereby the sheet 1 is urged into the inside of 
the forming mold cavities into a desired shape. When 
the sheet 1 begins to be formed into a desired shape, 
there occurs a reduction of the air pressure within the 
air cylinder 16, but in order to compensate for the air 
pressure drop caused in the air cylinder, the release 
valve 40 operates to produce a constant pressure so that 
the piston 21 will be moved toward the air cylinder 16. 
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6 
At this moment, concurrent making-up of the quantity 
of compressed air leaking out ‘from between the air 
blowing plate 7 and the sheet 1 is carried out. By virtue 
of this particular air making-up arrangement whereby 
the air pressure is kept substantially in equilibrium with 
the oil pressure acting on the head surface of the piston _ 
21, the pressure of the compressed air can be advanta 
geously maintained at a substantially constant con 
trolled level throughout all forming operation stages, 
i.e., from initiation of the forming stage through cooling 
of a formed product for hardening. The displacement 
volume of the air cylinder 16 is preferably designed to 
be two or more times the volume of a formed product 
with the piston 17 at a position of its stroke such as to 
provide an air pressure sufficient for the product form 
ing operation. 
For instance, when a product of a volume of 1000 cc. 

is to be formed with a pressure of 4 kg/cmZ-abs, the 
required total design volume of the air cylinder should 
be 8,000 cc. (i.e., 1,000 X 2 X 4 = 8,000) or more. 
When the product is ?nished to its desired shape 

through a forming stroke and is cooled o?‘ to be hard 
ened to an extent free from any possible deformation, 
the valve 26 for starting the forming stroke is now 
closed, thus discharging remaining air from between the 
formed product and the air blowing plate. At this mo 
ment, as a result of the operation of the switching valve 
46 in the oil pressure generating device, the oil under 
pressure acting through the oil pipe line 33b causes the 
piston 21 within the oil cylinder to be returned to its 
original position to be set ready for the following form 
ing cycle. Subsequently, the mold is opened, and the 
formed product is released out of the mold and is trans 
ferred outwardly from the mold. Then the succeeding 
part of the preheated sheet 1 is fed into the mold in 
position of the following forming cycle. 
The product is thereafter sent to a shearing station 

and a stamping station (not shown) where it is sheared 
and stamped to a desired final shape. 

Referring now to FIG. 2, there are shown the com 
pressed air generating device as described hereinbefore 
and hydraulic and pneumatic circuits wherein there is 
incorporated an example of a hydraulic system used in 
combination with the compressed air generating device 
of this invention, whereby a constantly controlled oil 
pressure is provided throughout the air-pressure form 
ing operation. 
As shown in FIG. 2, the working oil in an oil reser 

voir 45 is sucked by a pump 36 for generating an oil 
pressure through a ?lter 39, which pump is driven by a 
pump driving motor 37 directly coupled thereto 
through a shaft 38. The oil delivered by the pump 36 is 
then regulated at a predetermined pressure level by the 
function of the release valve 40._ This oil pressure is 
detected by an oil pressure gage 42 through a plug cock 
41 disposed in the line to the gage. A solenoid valve 43, 
which is adapted to operate when there is less load in 
the oil circuit, serves to reduce the load on the pump 
driving motor, this circuit being ordinarily called an 
unloading circuit. 
The working oil pressurized by the oil pump 36 and 

controlled at a constant pressure level is directed 
through a check valve 44 and through a solenoid valve 
46 actuated with a timing as set by a timer, whereby it 
is then introduced into the oil cylinder 20 through throt 
tle-check valves 48 and 47 and the oil pipe lines 33a and 
33b as the piston 22 is moved forwardly (for compress 
ing air) and rearwardly (for introducing air into the air 



4,057,382 
7 

cylinder), respectively. The oil remaining on the side 
opposite to the working side of the piston and pressed 
out of the cylinder as the piston 22 is moved forwardly 
and rearwardly is then returned to the oil reservoir 
through the switching solenoid valve 46. There are also 
shown an oil cooler 49 for cooling the oil temperature 
generated by the_oil pump, a coolant pipe line 50 con 
nected to the oil cooler, and a check valve 51. ' 
Any kind of thermoplastic resin material in the form 

of a sheet may be formed in the air-pressure forming 
apparatus of this invention provided that this material 
has properties which are suitable for ordinary pressure 
forming operation without any signi?cent limits, i.e., 
which afford an appropriate expandability according to 
the shape required to be formed at a certain high tem 
perature. Typical examples of such thermoplastic resin 
material are polystylene resins, polyvinylchloride res 
ins, methacrylic resind, polypropylene resins and poly 
ethylene resins. Also, there is no substantial limitation to 
the thickness of the sheet material to be formed by the 
apparatus of the invention. Therefore, sheets of material 
in the thickness range applicable to the ordinary pres 
sure forming operation, e.g., 0.13 to 1.0 mm, can be 
formed readily to a desired shape. 
As for the shape to which the sheet material may be 

formed by the method of this invention, a relatively 
shallow shape, i.e., of a ratio of depth to width (shorter 
side) of 0.7 or less, is most preferable. However, by 
simply connecting the air exhaust outlet 6in the mold 
support 4 to a suitable vacuum source as described 
hereinbefore, a shape of deeper depth may be formed as 
desired. In addition, this method may be applied in 
combination with the known plug-assist forming, and in 
this case, it is of course possible to form the material into 
a shape of even greater depth. . 
The improved method of and apparatus for pressure 

forming of thermoplastic resin sheets according to this 
invention as described above afford the following ad 
vantageous features, which are of considerable value 
and utility in industrial applications. 

1. It is possible to supply constant air pressure to the 
material during the whole pressure forming opera 
tion stage, whereby even the corners of the formed 
products can be formed precisely to the shape of 
the mold. 

. The air pressure supplied to a sheet material being 
formed can be readily adjusted at a desired con 
stant level throughout the whole forming opera 
tion stage simply by regulating the oil pressure 
within the oil cylinder. 

3. While it was difficult to pressure-form a product of 
a larger volume and area by the conventional meth 
ods of forming, the method of this invention can 
meet such requirement simply by increasing the 
number of air cylinders. . 

. In contrast with the case of application of conven 
tional means to produce a constant air pressure, the 
method of this invention affords a supply of com 
pressed air of an appropriate quantity, neither more 
nor less, by using a unique compression system of 
an advantageously small capacity. 

Although detailed description has been made herein 
exclusively on the foregoing typical embodiments of 
this invention, it should be understood, as indicated 
hereinbefore, that the preferred embodiments as de 

20 

25 

35 

8 
scribed and shown herein do not mean in any way limi 
tations of this invention, but on the contrary, many 
changes, variations, and modi?cations with respect to 
the construction and arrangement in practice thereof 
may further be derived by those skilled in the art to 
which the present invention pertains, whereby the ad 
vantageous characteristics of this invention may be 
materialized without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. In an apparatus for air-pressure forming of thermo 

- plastic resin sheets comprising a set of mold means 
having a plurality of air purging holes and complemen 
tary means having a plurality of compressed air blowing 
holes and air compressing means for supplying air at a 
speci?c pressure to said compressed air blowing holes, 
said set of mold means and complementary means being 
disposed in mutually opposed state so adapted that at 
least one of said means can be moved toward and away 
from the other, the improvement wherein said air com 
pressing means comprises compressed air generating 
cylinder means, ?rst piston means movable slidably 
within said compressed air generating cylinder means, 
hydraulic cylinder means, and second piston means 
movable slidably in said hydraulic cylinder means, said 
?rst piston means being mechanically connected to and 
driven by said second piston means which is in turn 
operatively connected to means for generating a sub 
stantially constant hydraulic pressure. 

2. The improvement as claimed in claim 1 wherein 
said compressed air generating cylinder means is coaxi 
ally and integrally connected to said hydraulic cylinder 
means through a partition wall therebetween, and said 
?rst piston means and said hydraulic piston means are 
connected to each other by a rigid piston rod extending 
through said partition wall. 

3. The improvement as claimed in claim 1 wherein 
said compressed air generating cylinder means is opera 
tively connected to said air purging holes in said com 
plementary means by piping means including a valve 
for starting a forming operation and an exhaust valve, 
and wherein said hydraulic cylinder means is an oil 

. pressure actuating cylinder, which is operatively con 
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nected to oil pressure generating means including a 
pump, a pump driving motor, a release valve, and a 
switching valve. 1 ‘ 

4. The improvement as claimed, in claim 1 wherein 
said complementary means is in contact‘with a heating 
plate incorporating heating means therein. 

5. The improvement as claimed in claim 1 wherein 
said compressed air generating cylinder means is dis 
posed under said complementary means so that said 
cylinder is integral in construction with said comple 
mentary means through said heating plate and a ?xing 
base of said apparatus interposed therebetween. 

6. The improvement as claimed in claim 1 wherein 
said mold means de?ne a mold cavity and the displace 
ment volume of the ?rst piston means within said com 
pressed air generating cylinder means is greater than the 
volume of said mold cavity. 

7. The improvement as claimed in claim 6 wherein 
said displacement volume is at least two times more 
than the volume of said mold cavity. 

* i i i i 


